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Introduction
Several decades ago, Africa's economic development was on par to that of South Asia (Collier and Gunning, 1999) . However, in the 70s and 80s, economic growth in many African countries lagged and the development paths of the two developing continents diverged (Berthelemy and Söderling, 2001) . As a result of the very low rates of growth and deterioration in terms of trade 37 Sub-Saharan African countries adopted stabilization and structural adjustment programs with the financial support of the International Monetary Fund (IMF) and the World Bank. In 1994, Senegal embarked upon Structural Adjustment Programs composed of currency devaluation and a step by step liberalization of the economy in the following two decades. These reforms were able to resuscitate annual growth to rates above 5%. Is this trend sustainable? How can Senegal keep growing?
What are the key policies to facilitate this growth trajectory?
This paper aims to shed light on these questions, using firm level data. A country's growth should ideally be based upon its comparative advantages. Recent theoretical and empirical analysis (Rodrik, 2006) , however, emphasises the importance of producing and exporting complex manufacturing products to enable developing countries achieve sustainable growth. This requires substantial investment in education and building human capital. Education plays a critical role in expanding technological frontiers, whether it be for innovation in developed countries Howitt, 2004, Aghion et al., 2006) , or for reproduction purposes in less developed countries that are not yet at the frontiers of technological advances. In the context of Senegal, success in the production and export of complex manufacturing products requires, initially, the development of industries that do not depend on a high capital-labour ratio, and the implementation of an effective educational policy. We compute total factor productivity (TFP) across industrial sectors to show the importance of human capital in industrial production. We show that differences in the distribution of educated labour matter for industrial productivity.
According to Van Biesebroeck (2005) , Bigsten et al. (2004) , or Mengistae and Patillo (2004) , exporting manufacturers have a productivity edge unmatched by non-exporters. Developing exporting capacity is, thus, proposed as a policy tool to facilitate the adoption of new technology, and remove the constraints of small market size and numerous problems surrounding the business environment in developing countries. In this paper we adopt a different but complementary approach to a recent paper by Ann E. Harrison et al. (2011) . Harrison et al. (2011) begin by listing all possible explanatory factors influencing labour productivity, sales growth, labour growth, export intensity, and investment rates. They came up with a long list of factors ranging from: geography, political risks, ownership, competition, infrastructure, crime and violence, labour flexibility, and access to more formal and informal finance. Then, given the limited capacity of reformers and policy makers, they focus of identifying the key constraints impeding economic growth.
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We rely on an identification method proposed by Hausmann el al (2008) to sort through and rank factors influencing productivity and growth.. A recent report by the AfDB (2012), used the same method to identify the main obstacles to growth in Senegal. The report found the dualism of the economy, and the scale of the informal sector is a major obstacle to growth.. The supply and quality of electric power constrain both economic growth and industrialization. Finally, the low level of spending on education and infrastructure are major constraints on economic growth. These conclusions which put emphasis on the importance of skilled labor and wider access to electricity constitute the starting point of our analysis of cross sectoral differences in TFP in Senegal.
We take advantage of two unique panel datasets, from the Single Information Collecting Centre (CUCI) (Senegalese National Statistic and Demography Agency (ANSD)). The first dataset contains the balance sheets of all registered Senegalese firms, over the period 1998-2011. The second panel gives the percentage of low, intermediate, and highly skilled labour at the sector level. We construct a proxy for quality of electricity access by multiplying the World Bank Indicator at the country level by an estimate of the sectoral industrial electricity consumption drawn from the dataset. Our analysis focuses on 23 sectors over the period 1998-2011.
In Section 2 we describe the main features of the two main obstacles to productivity and growth: education and electricity supply. In Section 4, we propose a methodology to quantify the impact of education and electricity in both the short and long-run that allows us to take advantage of the panel structure of our datasets. This section is preceded by a description of our data and methodology to proxy the quality of access to electricity. The final section draws the main conclusions.
Education and access to electricity in Senegal
A recent growth diagnostic of Senegal conducted by the AfDB (2012) identified two key obstacles to productivity improvement: the mismatch between labour demand and supply and the insufficient level of education; and the poor development of electricity infrastructure. The former calls for more investment in the primary sector, for higher enrolment in education, especially in rural areas, and for a better fit between market needs and skills. The latter is widely discussed in the literature (Gosh, 2002 for India, Wolde-Rufael, 2005 and 2009 for Africa, Ferguson et al., 2000 for a more general sample), with a special emphasis on the causality between energy consumption and growth, but with no consensus emerging from the debate.
Inadequate education
According to the Human Development Index (HDI), Senegal is not only one of the poorest countries in terms of GDP per capita, but also in terms of its human development. Cognizant of the role of education as an important pillar of human development, Senegal has devoted over the past 15 years considerable efforts to education. . Bank's worldwide education-sector spending was on higher education. But from 1995 to 1999, the proportion allotted to higher education declined to just 7 per cent. In Senegal, illiteracy is a main concern even by subSaharan African standards. In 2009, nearly half of the population of Senegal is illiterate compared to an average of 37.7% in sub-Saharan Africa.
The efficiency of education is assessed based on two criteria: internal and external efficiency. Internal efficiency is jointly measured by the ability of the system to retain the maximum number of pupils in school (average number of years at school and gross enrolment rates), results obtained by pupils (measured by the proportion of repeaters) and available resources (teachers, classes, equipment, etc.) . External efficiency corresponds to the match between the provision of education and market needs. More emphasis is given to external efficiency in this paper based on findings in the literature that certain types of education are critical for improving the economic performance of the country.
Despite recent progress, there is room for improving internal efficiency. In 2009, the average number of years of schooling (+15 years old) was 4.05. Even though close to the sub-Saharan African average, the rate is significantly lower than levels achieved by Latin America and East Asia or even some sub-Saharan African countries (Ghana, Kenya and Zambia). Gross enrolment rates in primary education rose from 68% in 1998 to 86% in 2009. These primary enrolment rates are below the sub-Saharan averages (78% in 1998 and 102% in 2009) . The proportion of children completing primary education is rising more slowly than the enrolment rates (58.4% in 2008). The rate attained in 2008 falls far short of the 2015 target rate of 83% set by the World Bank and it is considerably lower than the rates recorded by other West African countries (Ghana 73%, The Gambia 91%, Mali 79% and Cape Verde 85%). The secondary education enrolment rate is much lower -31.4% in 2008, while enrolment in higher education did not exceed 8.3% in 2008. These rates are considered low even though they are close to the average rates for sub-Saharan Africa (34.8% for secondary education and 6% for higher education). (2007) computed the rates of return on education in Table 2 below.
According to this assessment of external efficiency, the most profitable investments are at the primary level (24%), while the return on technical education is found to be higher than the rate for education. Moreover, the efficiency of tertiary level education is marginal. These findings echo a core debate about the social utility of spending in higher education (see Bigsten et al., 2000) . Pritchett (2001) argued that educated individuals in developing countries may be attracted by the returns from rent seeking activities, or that the supply of education may be too high compared to a stagnant demand. As in many places in Africa, the supply of graduates and competition for jobs in Senegal is in excess of opportunities for gainful employment forcing many educated graduates into unemployment, or migration. This signifies the the external inefficiency of the education system or an imbalance between job supply and demand. et al (1996) questions the legitimacy of the tertiary sector by showing the inadequacy of the quality of education in the country.
Access to electricity
Despite the immense energy potential Africa possesses, the second main obstacle to firms' growth is the poor access to electricity and the low level of energy consumption (Karekezi and Kimani, 2002; Economic Commission for Africa, 2004) . The average African is still using less energy than the average person used in England more than a century ago (Davidson and Sokona, 2002) .
Energy consumption in Senegal is close to the level achieved by African middle-income countries and well above other low-income countries. According to Table 3 , about 47% of the population had access to electricity in the 2000s. But this figure hides a wide spatial disparity in access to electricity. Access to electricity in urban areas is close to 80% while close to 85% of rural households do not have access to electricity. These figures mirror the situation in middle-income countries, where rural access are much lower at 15.8% in contrast with 26.3 percent in urban areas. for the former, and 2.7 as compared with 12.1 for the latter. This disparity is also reflected in growth rates in access to electricity indicating diverging rates of electricity access. Growth rates for rural and urban areas averaged at 12.1% and 2.7% respectively. Eberhard et al. (2008) Even though access to electricity in urban areas is considerably larger, the quality of electricity supply, as proxied by the number of outages per month, is too low and represents a major obstacle to the productivity of 10 firms. According to the latest World Bank enterprise survey 4 , 50% of the firms surveyed consider that electricity is a major or very serious obstacle and 85% of enterprises stated they had experienced at least one power outage in the preceding month (see fig. 1 ). They also report at least 10 power outages per month. Only 16 of the 835 enterprises surveyed reported they had experienced no power outage in the preceding month. The average duration of power outages reported is 8 hours, which means that every 3 days firms experience a power outage, and that 12.5% of the time allocated to work is lost. This statistical information provides preliminary evidence of the importance of both low-levels of education and access to electricity in hindering the productivity of firms. In the following sections we provide a description of data and methodology used to identify the exact contribution of these two factors to the missing TFP.
Data
The raw data set comes from the Single Information Collecting Centre (CUCI) (Senegalese National Statistic and Demography Agency (ANSD)) which provides accounting information for industrial firms from 1998 to 2011. Some data is available at the sectoral level, but most other variables are available at the firm level.
Therefore, the company level observations have been aggregated into 23 sectors within manufacturing. This allows each sector to have different production technologies, which seems reasonable since there are differences in the amount of labour and capital used in different industries as well as the level of technology used.
For the estimation of TFP, time series data on value added, capital stock and labour are required. Some of these variables are directly reported in the datasets were computed. Gross profit is used to measure value added. Gross profit is defined as operating revenue minus costs of goods sold. Tangible fixed asset is used as a measure of capital, and includes assets such as machinery, building and equipment. 5 The number of employees is the measure of labour..
Human capital and physical infrastructure are identified as the determinants of productivity. Human capital is measured by the sectoral employment shares of different degrees of qualification. The CUCI database distinguishes between four categories of employee: i) senior managers, ii) skilled technicians, iii) supervisors and skilled workers, iv) unskilled workers. Qualifications for the first two categories are acquired by investment in education and training, whereas the last two are mainly acquired by learning-by-doing. Therefore, the stock of senior managers and skilled technicians represents the accumulated stock of past investment in education and 5 We deflate value added and the capital with the GDP deflator. Physical infrastructure is approximated by quality adjusted access to electricity. Country level data on access to electricity is provided by the World Bank's World Development Indicators. Based on WDI's indicators and the CUCI database, we construct a variable that proxies for access to electricity at the sectoral level. The accounting database provides the tangible fixed assets by sector. We assume a proportional relationship between the size of tangible fixed assets and access to electricity.
Methodology and results
The model proposed below aims at explaining the determinants of productivity growth across sectors over the period 1998 to 2011. We focus on the main constraints identified in the Senegalese context, namely education and electricity supply, and we estimate the long run relationship between TFP, human capital and access to electricity.
TFP estimation:
The first step in our analysis is the estimation of TFP (Total Factor Productivity) at the sector level. We use a cob-Douglas production function to estimate the estimate TFP. We run 23 equations for each of the industry groups. They have the following form:
( 1) where i and t refer to the industry group and the time dimension respectively. and are respectively value added, capital and labour and refers to TFP.
Imposing constant returns to scale in private inputs, and dividing both sides in eq. (1) by L yields the following equation:
Finally taking the natural logarithm yields the regression equation that is typically employed by empirical studies relying on the production function approach:
where represents the level of technology, TFP.
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We find an elasticity of output with respect to capital, which is statistically significant and equal to 0.46. Figure   3 gives the corresponding TFP annual average growth rate from 1998 to 2011 for each sector. Over the period considered, about 10 out of 23 sectors recorded an average decline in productivity. By contrast, the other sectors registered an increase in TFP over the period 1998-2011. In the second stage we empirically assess the links between TFP, human capital and access to electricity. Our focus is on two main determinants:
1. Education: Vandenbussche, Aghion and Meghir (2006) distinguish two sources of increase in TFP, namely imitation and innovation, both driven by education. Their argue that cross-sectoral differences in TFP growth are the consequence of differences in human capital endowment and the ability to both introduce innovations and/or replicate the best practices. We assume a stonger capacity for imitation (reproduction) in Senegal -in contrast to scope for pure innovation. test for cross section dependence and the order of integration of the variables. Secondly, we employ panel cointegration tests to examine whether a long-run relationship exists among the variables. Thirdly, we estimate long run parameters using Dynamic Ordinary Least Squares (DOLS). Finally, we use the Pooled Mean Group (PMG), developed by Pesaran et al. (1999) to distinguish between the short and the long run effects of human capital and electricity access on TFP.
First, we test for cross sectional dependence in order to avoid spurious results. Cross sectional dependence may arise due to unobserved common factors, externalities, regional links and unaccounted for residual interdependence. We implement two tests: Pesaran (2004) and Friedman (1937) . The tests shown in Table1 (in the Appendix) strongly reject the null hypothesis of no cross-sectional dependence at the 1% level of significance. This indicates that there is cross-sectional correlation in our panel, which can reflect the presence of similar regulations in various fields.
Then, we test the order of integration of the series using three unit root tests, namely: Pesaran (2005) , IPS (2003) and the Maddala and Wu (1999) test. Neither of them takes into account the cross sectional dependence between sectors. The third one, the Pesaran (2005) test, allows for cross-sectional dependence and thus controls for the common factor proxied by the cross-section averages of lags and differences on the individual series. The results in Table ( 4), show that all the variables of interest are integrated to the order of one.
Table4
Panel unit root test: results Im et al.(2003) Maddala and Wu
Pesaran ( Once the order of integration of the series is defined, we test whether there is a long-run relationship among these variables. Since we have cross-sectional dependence in our series, cross-sectional dependence in cointegration vectors is likely. Therefore, we perform the Westerlund (2007) cointegration test with bootstrap under the assumption of cross-sectional dependence. The results in Table 2 (in the Appendix), show that all the statistics reject the hypothesis of no cointegration between productivity, human capital and electricity access.
The cointegration tests allow us to assess whether there is a long run equilibrium relationship. Nevertheless, they do not provide parameter estimates either for the long run or the short run. To estimate the long-run vector, we consider two estimators with error correction: the Pool Mean Group estimator (PMG) and the Dynamic Ordinary Least Squares estimator (DOLS). The DOLS estimator, proposed by Kao and Chiang (2000) , corrects the standard pooled OLS for serial correlation and endogeneity of regressors that are normally present in long-run relationships. Therefore we use this estimator to estimate the long-run relationship between total productivity factors, human capital and electricity access. In order to obtain an unbiased estimator of the long-run parameters, the DOLS estimator uses parametric adjustment to the errors by including lead and lags of the differenced I (1) regressors. The DOLS estimator is obtained from the following equation:
Where is the coefficient of lead or lag of explanatory variables . Table (5) shows the results of this estimation.
In order to test the robustness of the previous results, we use an alternative methodology, the Pool Mean Group Estimator (PMG) to estimate the cointegration relationship between TFP, human capital and electricity access.
The main advantage of the PMG estimator over the DOLS model is that it can allow the short-run dynamic specification to differ from sector to sector while the long-run coefficients are constrained to be the same.
Assuming an autoregressive distributive lag (ARDL)(p,q 1 ..q k ) dynamic panel specification of the form:
Hence, the error-correction reparametrization of Eq. (5) is given by:
Where the number of sectors, and time period are designated, respectively, as i=1,2,..,N; and t=1,2,..,T. are explanatory variables ( human capital and electricity access); are the coefficients of explanatory variables;
is the sector-specific effect. is the vector which contains the long-run relationships between the variables and finally is the error-correcting speed of adjustment. If <0, there is a long-run relationship between and defined by:
for each i, where is a stationary process. The parameter represents the speed of adjustment at which the values of TFP, human capital and electricity access come back to the long-run equilibrium levels, once they deviate from the long-run equilibrium relationship. The negative signs of the estimated speed of adjustment coefficients are in accordance with the convergence towards the long-run equilibrium. The results in Tables (5) and (6) are consistent with the values and signs suggested in the TFP literature. In regard to the PMG estimates, the error correction term (ECT) is significantly negative, suggesting that productivity responds to deviations from the long-run equilibrium. The estimated speed of adjustment of TFP is around (-0.500) and is statistically significant at the 1% level. Moreover, the results converge to those found by using the DOLS and the PMG procedures.
Electricity expands productive capacity by increasing resources and improving the productivity of private capital. In both the long-run and the short run, access to electricity has a significant positive impact on economic performance. In the long-run, a 1% increase in access to electricity increases total productivity by 29% (PMG) and 21% (DOLS) and by 12% (PMG) in the short-run.
These results are in line with Wolde-Rufael (2009) , who presented granger causality relationships between energy consumption and growth in a sample of 17 African countries. The study finds a uni-directional causality running from economic growth to energy consumption in Senegal. This implies that energy consumption may be reduced with little or no adverse effect on economic growth. Our results emphasise that improving the quantity and quality of electricity supply could indeed alleviate obstacles to productivity improvement.
Human capital is also a robust determinant of TFP. While low skilled workers do not correlate with productivity (results available upon request), skilled workers play a key role in improving firms' TFP. Our results allow us to distinguish two categories of skilled workers: senior managers and skilled technicians. Only for the latter does the long-run relationship highlight a positive effect on TFP. A 1% increase in the proportion of skilled technicians increases TFP by 5% (PMG) and by 24% (DOLS). For the senior manager category indeed, the effect is negative. These findings are in line with the diagnosis made by the UNESCO Dakar Pole (2007), which pointed to the low external efficiency of tertiary education enrolment and the higher efficiency of technical education.
Conclusion
The paper analysed the dynamics of TFP growth exploiting sectoral information for a set of Senegalese manufacturing firms over the period 1998-2013. We perform a careful analysis of the time series properties of our dataset, and we compute two sets of estimates, PMG and DOLS.
We found significant differences across sectoral TFP. By taking advantage of a growth diagnostics test recently published by the AfDB (2012), we proposed two factors to explain these differences: education and quality adjusted access to electricity. The two factors explain a sizable proportion of TFP differences across firms.. A 1% increase in the proportion of skilled technicians increases TFP by 5% (PMG) and by 24% (DOLS). The effect is negative for the senior manager category. Our proxy for access to electricity is based on country level data from WDI (World Bank Indicator).Based on this data we generate quality adjusted access to electricity at the sector/firm level by assuming demand for electricity is proportional to the size of tangible fixed assets. A 1% increase in electricity access increases the total productivity factor by 29% (PMG) and 21% (DOLS) in the longrun and by 12% (PMG) in the short-run.
Important policy implications can be derived from these results. To improve the ability of the education system to build human capital, Senegal should focus on primary education and technical training tailored to market 18 needs. As emphasised in Section 2, the job market in Senegal is more open to job seekers with primary, secondary and technical levels of education than to university graduates. This is confirmed by our empirical analysis, showing that, in the long run, the productivity premium to technical education is much higher than for tertiary level education.
Senegal spends a non-negligible amount on the infrastructure sector -on average close to 11% of GDP.
However, the amount allotted to electrification and improving its quality is very small and has proven to be an impediment to industrial growth. Between 2000 and 2009, power generation capacity grew from 365 MW to 510 MW it was unable to keep pace with demand which grew at a rate of 25-30 MW per year. While the increase in power supply was undoubtedly significant it fell short of demand. In addition to the high demand for electricity, the SENELEC is unable to overhaul power generation and transmission facilities that are obsolete. As a result its ability to satiate demand and improve the quality of its services and limit power disruptions is largely impaired.
A series of enterprise surveys by the World Bank also identify weak supply and frequent outages as the main obstacle to the development of the country's industrial activities and economic growth. This paper shows that better access to electricity could result in a considerable improvement in TFP. 
